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on the Panama Canal, which were adopted by the Technical 
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mittee of the Paris Congress, of which I had the honor to be Chairman. 
‘These prices are as 


of mean hardness. “ 


‘Hard rock 


‘Dredging hard soil. 
q Removal of 
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It has I een stated | prices are less than the ny they should be. I 


beg to ask. y our attention toa statement of the basis.0 of the 


the removal of earth, either by excavation ¢ or ‘ought 1 never to 
cost 38 cents per cubic yard d, even if all the machinery and workmen had 


» be brought from abroad. 


In fact, Mr. Ros stated to me, on another o occasion, ‘that he would be- 
‘ ‘ready a at apy time to make near U itrecht a cuttin i nillions of cubic | 


‘metres (say 7 800 000 cubie y yards), including a “haul of 
i, metres to a spoil bank at 0. 70 francs per cubie metre, 0 or about 11 cents 


yi A pen r ‘quantity 0 of soft mud to be dredged, transported by boats, 
- discharged into the water, , dredged : again and nh over into as 


ed area of Water or, Was contracted fo 


*” de Vv ‘elde, at the price of 18 8 cents per cubic sal. 
Danzats, who ‘sailed this for Hav re, states that at the 


reac hed 1 54 cer cents per et yor’. 


There is such an enormous difference between ll, 15.5, or even 


: eents per ¢ cubic yard, and the adopted price | of 38.5 5 cents, that the last 
a nained seems as if it ought to cover all contingencies. Mee 


 Dauzats stated to me that Messrs. Lull and Menocal Ww ere satis- 


and 40 cente for soft mud. 


Mai For excay ation of rock of mean hardness, w here pumping is ee: re- 
the price eof 7 7 fran: cs per cubic metre 08 per ¢ cubic 


ux pere, the ell French in the following terms : 


a. ‘Your ur prices for any ¥ roc *k to be excavated and removed, without pump 


vill be ver if remunerative. It “seems to me, upon examination, ¢ that 
— 


they might even be reduced, in view of the e methods w — will be « _ 


i ‘This remark was intended to apply din to the price of 10 franes per 
cubic me tre ($1. 54 per cubic yar), for the exc avation of hard rock 


— 

po 

—— 

The price of 38.5 cents per cubic yard for excavation or dredging of 7 
earth and alluvial soil, was fixed in the first place by Messrs. W 
q Reelus and Sosa. It was submitted to practical men: First, To Mr. T. | 
4 PRos gone af the largest eontractors in the Netherlands who said 
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no pumping rei quired, as propo ed by 


Sosa, and it therefore covers the case of price of 


; ¥ met:e ($1. 85 ) per cubic yard) fixed by the Paris C Congress. fi 


‘Mr. Ros: states that basalt the Ri Rhine from 


fis, 


nay, in | Belgium, cost | less than $1.85 per cubic yard, even including 


‘transportation by water for a distance 200 kilos (125 miles 


~ Menoe ali in their estim: ates ofa a Panama canal, for ull kinds of rock above 


_ water, ies ere only 812 25 to 81.5 50 per cubie yard, or 35 to 60 cents less sl 


the Paris ongress prices. 


Mr. Dauzats informs me that the prices ‘set by Messrs. Lull 


reau 
whee pumpit ig is req 
e ($2. 7 


per cable ‘yar a) was obtained simply by 
adding 6 francs | per ab metre (92 cents | per cubie yard), to: the price “for 7 


addition to cover unforseen contingenc ies. say 0 on this: snb- 
t 


_ ject — First. that a a part and possibly a large portion of of the ro 


é cavs where pumpin ng W ill be required, will prove of mean 


ness ; ; but the price for all such is fixed ; at 92 cents mc more than for hard = 


bie yard 1, for 


pumping seems rather high. never exper iene ed pumping as Ee 
ca costly : as this, even in loose sand. _ There is a fair chane e that the | pump- i‘ 


= ing at Panama will not prove more expensive than that at the recent ex- — 


Ci vations near Hell Gate, where, as I was informed by General Newton ee 
himeelf, the: maximum amount of water encountered at a depth of 26 


te below ordinary low-water | level was 200 gallons per mint ute, she. 


The prices of the Paris Congress were adopted, therefore, after long 


Ib beg to o to ob observe further, ca the Paris Congress only approved these 


gress, coms of the followi ing well tical 


late Engineer 
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rock. 
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M. Cotard, e —— — 
for the Danube works, the canal bee 


2 tw een Ghent | and Ter Neuze, ‘and the har 


Contractor on the Suez Canal. 
Par 
M. Lavalley, Chief < of the Ponts et Chaussées and late Gen- 
Contractor for the Si Suez Canal WwW forks. 
M. de Lepinay, ‘Chief Engineer of the Ponts et 
signed and executed several works in the Mexican Republic. 
-Ruelle, Chief of the Ponts et Chaussé Ses ane tor of 


for the St. Gothard Tunnel, the 
tion of which has just been n telegraphed f from Europe. [Most unha appily, 


this clever and s self- made man died @ few few months ago, shortly after the 

The above names ‘speak for themselves. _ It seems unnecessary, there-— 


fore, to dwell longer | on the » question of prices, as from 1 what has been — 
said it is plain that wad last C ommittee wished to exclude any y figures 


might w ards prove too low. So tally were they 


Thou igh my professional colleagues of M. . de Lesseps’ Staff, left 


4 


city: this morning, Ta am prepare ed of ‘course to discuss remarks that 
Crs 


asked by ‘several of the members present at the 


meeting, and also to questions sent by letter by Menocal, Member 


of the Society, ‘Mr. Dirks made followi ing ‘answers 


is the nature of the soil or ‘fnemation at the of 


osed dam dam ACTOSS the River 


Mr. J. Dmxs.—The soil at the site e of the proposed dam across the 


= River Chagres i is a stiff clay. There seems to be no sand in it at all. a 3 
Most of the clay in Holland considerable admixture. of sai sand, 
this seems to be purély clay. 
a sufficient foundation for the dam Ww without ex. excavating to to the rock, 
some 20 feet below, 


sufficient number ot borings” been taken to ascertain with» 


= 
= at Antwerp, and sd 
4 = | 
a ay, ingineer, General Director of the Desague works 
— 
| 
= 
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—— 


: certainty the nature and quality of the rock on w hich the foundations of 


‘the dam will rest ? It what is of the rock? 
Mr. J. Dimxs.-—The rock at the site proposed for the dam is hard oa 


< ‘rock, and in my opinion sufficiently strong to sustain the dam, and st such | “al 
stone as may be excavated can be used in the construction of the dem. 


1 that Mr. ‘Boutan, the engineer who made the special examina- 


mpelled to return n this morning to 


* ‘France, and that that Ghevetoc the information given you this evening is ant 
full as it would be if hewere present. 

- - ull as it would be if he were presen aa 
e pres 


posed dam, as stated i in of the commission. 


Vice: PRESIDENT Cuanvr desire to say that M. De 


| peomises to transmit | to this Society a full report. ‘of the results of the 


late al examination of pro roposed the Panama Canal. 


parties e1 upon the survey) ys, it will be some time before it will be 


possible to farnish the report and send it + tou 


A MEMBER. _—Has a detaile survey made of the water- shed of 


the hagres shove the site of the 
J. Dirks. — —The examination of the of ‘the Chagres- 


was made by M. Dauszats, the Engineer of the Suez Canal, and the di- 


4 mensh ms of the proposed dam were determined by him in consultation — 


with the « other members of the t technical comminsion. - A plan has are 


completed on a ver, very y large scale of to be covered with v w ater, 


> 
by 
i 
: 
> 
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Ww ater passing through a a given section? 
ve Mr. J. Dirks. —Th he in formation as as to the flood of the River C hagres 


was coll: ited ay Col. Totten from data given by officials a the Panama 
Railroad, which those officials state were very carefully s secured. = Col, 


Totten prepared a a very full and very interesting memoir, in which he 


- showed i in detail the flow at various s points, and ¢ calculated the ‘total 


y quantity of water, which | proved, if I remember right, somewhat less cs 
4 than the contents of the impounding 2 reservoir 


‘the dam at Gamboa. 


— 

¥ 
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is ‘the maximum carrying capacity 


mel from the ‘reservoir to the sea? 


—The capac ity of the proposed artificial channel from 


oir to the se sea is two hun dred cubic: m 


4 time as therefore | to empty the impounding reser voir would be 
calculating 1 000 metres, divided by -200—whieh gives it 

us in seconds—about 58 days, provided no more rain fell in the: mean-— 


time. manageme ent bof fi flow, whether into the main n canal or the 


is isthe ( river going to be of? Will ‘it be made 


to discharge into » the basin or directly into the new ‘channel! 2 


: ~ - Mr. J. Dinks. —T he Obispo is but a small stream. There would be no 
great harm in allowing it to flow into the ec: anal, but if upon further in- 


v ‘vestigation is thought it can across the canal 


util chanel? — 


Mr. J. Dans. — ‘The time estimated as ‘requisite for the completion 


a of all the works, i is 8 y years ; ; if driven with vigor it can be done in that. d 


ae By 1 what methods is it proposed to dispose of the waters of the 


—¢ Yhagres : and other streams during the « construction of the dam and ail 


channels. so. that the work 0 on the canal | ean be proce from 
atachin to Aspinw all? 


Mr. J. Dms. will not be hard to 1 manage the duving the 


progress of the work. In Holland we generally allow the wa 


ina reservoir behind a dam at the same time that we build it, and 
it will even be so managed at Panama, the dam being begun in the 


on and raised uniformly over its entire lengt th, so that the 


all raise at the ‘same time, any surplus, or apprehended i 


be le 
ime of rains, eing et off the artificial channe > 
Have any provisio ns been made to keep the canal fee from the Rio | 
Grande? If 80, what do they consist of, and under what heading do 


shed drainage is smal, and but water “except that ‘from 


hed artificial 

= char _ 
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a are passing, being kept back at other times by a sluice-gate. 
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comes it ; cut that and it will almost diss uppe We might. 

turn its flood-w: water into the canals) Ww ithout 

a. By what mathod it Proposed to drain country on the "south 


side: of the « canal, from the dividing ridge to the liver ‘Trinidad, a adis- 
“tance of not less than 25 miles by the line to the canal ete 


J. ‘Dmxs.— There are no ums of magnitude in the country re- 
a ferred to, and such drainage as may be necessary can easily be provide 


How mas ‘many ‘locks are and can and 


cians to the tides as will enable ‘vessels to enter it my any time. 


f= is the estimated time for a a ship to to pass the tide-lock ? 


Mr. J. —One hour been allow ed for Passing tide: ‘lock. 


Shs 


Mr. J. Dunxs.—I am n not a contractor, but if I w think W 
“beat quite ready to undertake to build it for that sum. fe _ From the « experi- — 
ence of the cost of the locks of North Sea Conel, T should myt that 


Would it not be fair to add {o the estimates made — the Technical — 


Commission, and based on the prices fixed by the C ongress at Paris, the j 
commissions to bankers, interest. during construction, , indemnification to . 


the Panama Railroad and to the Company owning the concession on from. yy 
* the Colombian Government, and a per centage | for contingencies, before an 


a nise is made. as to probable profit on capital 
J. —The ‘Technical Commission was requested | to 


make estima estimates of ‘the » probable cost of the work ; it w as not requested — 


to, to, end conseq! rently did not, consider the subjects of commissions 


-Teference to the re port of the Commission, the usual ten cent., 


76 000 000 francs to the total e estimated cont. 


bankers, TS, ete. is ‘added for contingencies, as. will be s seen by 


x 

Ma. J. Dina —One st the Pacific end ofthe — 
= 

— 
— 

— 
canal as required to complete the proposed 
Dimes Bight your, 
anuTe.—Mr. A. Couvreux fils, partner of oneof 
the largest engineer contracting firms in Europ 
firms in Europe, which executed much 
— 


of the w _— on the Suez Canal, has kindly offered to giv ive us an account 
7 a of Inter-Oceanic Canal enterprise since the Paris Cong mes nd 
dst late e expedition t to Panama, of which he formed a part, ha ie 

quently come to the United with De  Lesseps “<i Ww in make 


7 his ; address ir in F rench, and I wi 
to the best oft my ability. 


scussion by A. Cc OUVREUX Jils. 


-_ in calling the Paris Congress, M. De ‘Lesseps addressed about 300, 


Bey 
invitations to distinguished engineers, and to the | persons who were 


thought t to be best fitted to take part in its delibera ations. 
oO these, about 100 attended in “May la last, and among ther m, Admiral 


Ammen, M. ‘Menoeal, on ‘several other gentlemen well and favorably 


After a full discussion in that Congress, the Panama rout 
was decided | upon, and M. de ‘Lemeps was urged by his: friends to take 
the direc ‘tion © of t the enterprise. . This h he readily consented te do, and he 
steps too organize a company to execute the works. 
Compagnie Civile,” or a sy yndicate as you call it in this country, 
already been formed or the presidency of General ‘Turr, and h 


obtained through its representative, Lieut. Com. N. B B. Wyse, acme 4 


si n or charter from the Colombian Government conferring 
s of 


ights a and privileges for the building ofa canal “across | the Isth 


Panama, as well as proposals for a contract for the paseo of pe oe 


After the close of the Congress, , this syndicate transfer all 
rights to M. De Lesseps, i including its charter, concession of lands, 


"project ‘of contract with the railroad, ete. Thus M. De became 


the sole propriet or of the and to a sthe 


Isthmus of Panama. ioe 


The numerous friends of M. De L esseps him, = 
y 


- made up asum o of $400,000, which they placed at his disposal to detray 


aS q the expenses of verifying the surveys, and | organizing the Canal al Company. 


4 - In co consequence | thereof, he was enabled to make the deposit o of $150, 000, 
a hich the cone cession. fr om the Colombian Government re: required should 


be paid i into its hands, in silver, as security for the undertaking of the 


ad He then ‘opened subscription books, and offered to the p pul ic an 


— ig 
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This took tones ‘soon after the closing of the Congress, that the 


* American newspapers giving an an account of the reports of of the American 


Me 
Delegates, and attacking the resolutions of the Paris Congress adopting 
the e Panama route, had not arrived in Europe ; but it was known by 


telegraph that serious -oppositio ion to the canal existed in the the United 


States, and this threw a cloud over the enterprise, which, combined \ Ww vith , 
)pposition at home, was s sufficient to. defeat the subscription. fe? 
De Lesseps had entered into communication with the leading 
banking houses i in Franee, as w swell as those 0 of other parts A 
prac tice has lately sprung up among bankers by which, instead of acting ; 


- agents upon a commission for the receipt of subscriptions, they buy rs 
blocks of the stock of new comps private ter and ‘then 


sell them to the } public | at an advanced price. M Now, M. De Lesseps i is 
a to this ; he desires that each stockholder shall acquire his stock 


cent., she 


pony to fierce upon n M. Del Lesseps his scheme, 
day by day, and to which he never replied. Sometimes 


called at the office 


which they to publish for a He such 


whereupon article favoring the Nicaragua route would generally 
+ @ come out of the other pocket, and a offer to suppress it be also refused. 


banprenten there was #20 | popular local interest to appeal to. W hen the 


nized, it was expected largely to increase’ the e Medi- 


ranean commen pee oof Feane oe, and ge were obtained 


ountry, W where eit would be of equal advantage at least t o other nations. 

Thus the first st attempt to organize the Panama Cana Peers did 


ot 


succeed, but nevertheless M. De Lesseps did not aband« 


is views were wider He to Disks, to other engineers, 


: a PI y to ta » the stock of the company which was to complete — - a 

| the canal. He failed, however, in obtaining the requisite amount of __ 
cap 7 

“a 

28 
at Paname, and to come to the United States, and with their aid g 


the whole question as left by the Co ongress. 


> 


Meanw “ie M. De Lesseps, who alwa: ays ; seeks to obtain information 


carry arrying on reat enterprise, had previowsly evplied to our contrac tng 


te imate We sent M. our 


« w artis ived at Panama early i 1879, and he soon 
a 


- the way of a sea-level canal, ‘bat that it would be necessary | to make 


careful and ¢ segenins survey s, to determine the plane to be adopted, ant 


character of the rock to be excavated. 


— Upon rece ceipt of this despatch, M. De Lesseps sent out a mining 
engineer, M. Jegou, the same W rho conducted so suce y the bo ings 


in the Algerian “Chotts” in the ‘expedition of ‘Commander Roudaire. 


- He took with him six sets of boring tools, so srvenged that they could © 
penetrate to a depth of 200 feet each, and Messrs. Duflos to 


ce charge of their working. also took with him Messrs 


3, W ‘ho pare: experienced levellers and suveyors, to aid in othe Ww ork 
sj Daring the time that this party was organizing, M. Blanchet t 


sending fro m Panama reports by every mail ‘to Paris, 


‘Uniformly favorable in character, as to the practicability of the suadil 
t this time cable broke, and M. Blanc het, receiving 


or instructions from Paris, and n not knowing that a party was 23 


about to, sail, went back to France, in accordance with his original © 


Juflos, 


ordingly, when Messrs. Jégou, D Barbier and Marolle 
- Brothers arrived at Aspinwall, -M. Blanchet was no longer there, but 


M. Sosa, ar an eminent an “engineer, “educated 


gone ‘from ones flood in 
_ November last, ‘most of the way in a canoe, and “had measured, on his 


way down, the speed of the current and the height tt reached at several 
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= — with the conclusions of Col. Totten, as presented by the latter to the — = 
Technical Comicon, 
*Couvreux, Hersent & Co,, contractors for the Suez Canal, the Canal from Gand to Terneu- 
ten, the Port of Antwerp, the works onthe Danube,etc.,etc,. 

— 


the e other gentlemen 

hose ma names “been mentioned, “took their positions at various 

points on the Isthmus, and boring, operations v which are not yet 


- ‘Blanchet fortunately arrived in France before the sailing of M. 


a De Lesseps, ‘and he immediately 1 returned to Panama W vith him and the _ — 


Technical Commission n, being convinced that they could only bring back 


- from America a fav orable report. His perfect state of health afforded 


convincing - proof that Panama could not be the charnel house for -Euro- 


_peans wh: which it has generally been re epresented to be. . 
Our expedition s riled St. Nazaire the 8th of De 


in the steamer Lafayette. _ During the ocean trip the Technical Commis- nd 


ion held ‘several sessions. At the first meeting M. De Lesse ps presented By a 


ace, 
programme of opssntions, consisting of the eight questions which are 


ass 
ed in the report of the Commission, 


esseps stated that ‘it ‘not object 


‘technical por por tion m of thes subject, and t to inform whether the figures 


- presented by Lieut. W yse, 1 his longitudinal and ¢ cross sections, and | com- 


the Paris Congress ‘He asked for a report ‘at the end of 


A 


‘guaiathiihains as much as he could. M. Dirks kindly consented to eal- 
culate "personally the cross sections, in addition to taking charge as the 


head of all the sur penhietttie parties. He worked night and day, , especially - 


M towards the last, as as he w Ww anted to be certain of ee correctness a all the mo) 


Pierre 1 Marolle was placed under my orders to take charge of 


the of Rio Grande, ‘and valley of. thie 


tween those points. Ww e had with us two aids or 


tot the country, and fifteen negro laborers 


The secon 1 party was directed by M. He surveyed 


— 

— 
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“4 interest and discounts, purchase of the railroad and other proper- 
putation Cubical quantities, were COrrect, and whether, in tne 
— 
“ tgures. Lhe work tor the surveys of the £9 miles of canal was divided _— 
4 
= 2 3 
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E = was assisted by two local aids or interpreters, and fifteen negroes. ee 


‘The “third party was under ‘the charge of of ™ who, with 
; Mowe ‘Ortega | and Ossa, and the e required nu: number of aids and laborers, i 
_ took special I charge o of the surveys | for the projected dam n across t the - 


tins River at Gamboa, and the the valley to to be flooded above it by the i 


M. Sosa, who was 1s assisted by M. Fo ntan, ilies of the Ecole Centrale >= | 
of P. "aris, two aids or inter preters, a and fifteen n or twenty negroes. 
thet fifth party ‘took charge from the 20th kilometer to the Atlantic - 
Ocean, in the lower valley of Chagres. It was in charge >of M. 
Albers, with Mr. Charles Marolle and the usual al ‘number of 


We arrived in Panama on the evening of the 31st Dec ice a 


first three days were taken up in receptions and din dinners. Nevertheless 


a the mornings w ene employed i in digesting—our instruc tions and organiza- : 
_E ich day a session of the Commission took place, M. Dirks pre-— 


siding, 
q - On Monday morning, the oul of January, 1880, all the parties started | 


7 


for their work by the seven © ‘clock train. aa ee 
2 
And here we wi 


q P anama Railroad eae: who at this and all other ti times, placed their aa 


“- line and trains at our disposal, in the most courteous and efficient 1 man- 


with instructio ons called received, ever 


three days, the head of each party went to Panama, which was s estab- 


lished as to a of his: prog gress, and write | out 


conten ‘managed to get 58 cross sec- 


of soon as the parties had returned to Panama, 
there was a full session of Technical Commission. 


Pee this M. Dirks exhi 


a 
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wae a ss Each party selected and established its headquarters at some point — i 
accordance two or a 
3 4 4 
— 
— 
a 
— computations of various quantities. This, however, took but a minor 
of the time consumed ; most of it was spent in 
; 


plans and of the execution of the works, 1 - well as the prices which 

be estimated for them. It was was thus, as M. Dirks has explained, 
bya a comparison of views, , and discussion n of methods an: and prices, that the 

of twenty millions « of dollars for the dam across 


‘Chagres was arrived at. ‘This large estimate, so s so stated, should indicate a 


_ to you that the various members of the Commission were by no means i 
agreed as to the cost oe the various detailed parts & such a dam. 
myself, I believe ‘that. further examinations will disclose that there Se 
_ other locations where the projecting spurs of the 1 mountains afford ue 


better position for the and where a less expensive structure can be 


‘the had been put by M. De Lesseps, and on 
the Mth ot F br si we had the satisfaction of signing the report and 7 


rt 


ama a for t the United States with M. De Lesseps, iets instructions with 


Sosa and other gentlemen whose names have been 


re not completed i in February t 
ain a full and clear geological “section to “the b bottom of the 
= anal, of all the rocks « of the entire aa All the records of these 
rings, as well as the: samples « obtained in them, and during the prog- 


ress of the surveys, W ill be nent { to M. -Boutan ie Paris, who has ws special 
_ charge of the g geological branch of the > examination, and w who will vw > 


a full report thereon, so so that intending contractors may be fally au 


may take charge of receiving subscriptions the of the 


‘It has been asked w hy, when the Technical Commis ssion reported the — 
rs probable co cost at $168 000 00 000, M. De Lesseps proposes ¢ to organize Ki 


with capital of only 1: 1 20 10 millions of 
i a the first place, it is certain that material economies can be mate in in 


3 * the ‘execution of the works, from the estimates presented _ by the Com- 


mission, for it will be noticed that the prices given a are higher 


a 
— 
— 
— 
= =, 
It was upon the receipt of the report of the Technical Commission 4 
4 
a 
4 
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wise e to “start” a 
with a larger si sum than 120 aie, , especially as interest Ww will be lost on a 5 


ow hat is kept onhand, and it may ‘not be necessary to spend the whole c of it. 
] M. De De Lesseps told me to ) express his regrets that he could not be | a 
7 present on on this occasion, as he has to attend two meetings this evening. . 


. From the reception which, ‘much to his gratification, he has s received in tis 


New York, he has great confidence in the future success of his 


a For in of fac w ‘hither i is the disenssion n now ting—is it 


three sc ‘hemes a ‘are a sea- level a canal 
= 


Ww ith locks, anda marine railway 


The marine railws ay proposes to tr ships es from one 
a ra a ses a 1 


an the bat author of the 
ma 


nor what will be the cost thereof. 


A canal with locks would be tic at as here 


else; it would save large vechoareagn in 


De Lesseps 1 cided 


and of the great in which it is transacted. 


certain seasons of the when the large crops of ‘California 


- come to marke 1ere might be days when sixty or more ships, e- 
t ket, th ight be da ty o ships, d 


layed by storms, would arrive and want: to at once. How could a 


7 they be transferred through ocks without ‘great “detention to some of 


‘them? Now wheat, indigo and similar shipments, are subject to rapid 


a and great changes in price, in th the markets of the world, so ‘that the delay 

as a single day may much ‘oss to the shipper or the consignee. 

a hat would he ee of the locked canal, if the van tention of his v vess 


canal with lock: but ‘Should this considecetion be urged, while bearing 


pa — Moreover, it is very certain that if the 120 millions of dollars, which | | 
e M. De Lesseps proposes to raise, are not sufficient to tinish the canal. he 
— 
— 
- 
a 
— 
— route? Itdoes not seem to favor the latter, yet if its friends still have 
gonfidence in its merits, let them raise the capital and build the canal 
— 
— does not state how 
¢ 
— | 
— 
4 
Hi 
the first building of it, but M. 
Dy ny ng IW oc cana. 
ships, and fis experience at Suez has convinced him more and more 
— that a ca moderne 
Ba 
4 

— = 
— ab Panama delayed its His Competitor 
ee 7 J a market, and put down the prices of his shipment? 
— 
— 


i 


Now, according to presented t by M. to 
a Paris Congress, as annual traftic eto bee xpec ted amoun ts to six millions 


of tons per year ; : ; this would be e charged at the rate | of | $3 a ton, thus 


suffic to the belies of of the shares. Perhaps not ‘to ‘American 
investors, w w ho a are accustomed to great pi profits, but cer tainly a a “sufficient a 


4 
return to European sto stockholders, where money is cheap. con 


yielding = ve enue of $18 000 000 per annum, which ‘give quite 
al 


Besides, if 33 a ton is not sufficient, the canal may char. ge a 
higher price, Iti is ‘not, however, believed that the cl harge will be made 
than $ $3 a ton. M. De Lesseps i is opposed to any | higher charges. 


. He established a price of S2a ton at Suez, and it has remained at that 
ever since. on 


ae M. De Lesseps i is asked why he does not establish an office for his e* 


apes 


company in America . His answer is , that the prineipal office must be in 


i: _ that country which furnishes most of the he funds, : and that if a majority 


of the is cubsceibed i in the U ‘nited States, he will be very glad 


transfer peat of his operations to the City of New York, or some 


» 


soon as compilation of the vari ious notes of the cross- sections, = 
- borings, &e., are completed, and the reports, maps, &e., are published, é. ‘ 


the Technical Commission will take -specia ‘ial pains to send sets of 


them to the J American Society of Civil E ngineers. 
And now, now, in conclusion, allow me to thank ‘the : society ty for the kina 7 


e th e more than kind, the hearty re reception, which has been extended tous 
ra in ew York, and f for showing us the very interesting Amer ican works a 


which we have seen. We did ‘not ‘expect, we were ‘not prepared, for so 


cordial a reception. In In fact, we had been told t that the Americans looked a 
“upon M. De Lesseps with suspicion, maw we had no ‘idea of the ‘bound-— 


hospitality, wide as your own country, which awaited us. Messrs. 


pe Boutan and Dauzats, who sailed this morning for Europe, were ere very 
careful to impress upon me before they left, that I must say at least +. 


. this much to you, and to convey their thanks, at el same time as my | 


be forgotten by us us. 


1 have left with the secretary two volumes, ‘containing draw ings ar and >: 


photographs of some works by our firm, the acceptance of 


a vote of thanks to M. Dirks und to M. 


q 

| 4 4 

— 

| 4 

‘Sa 

— 
q 
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and for ‘their able “discourses. ond un 


wish t say tl that my st stay in New York hes 
: “almost the happiest period of my life. That I hope ‘that I may have = 
good fortune to come back a again to“ New Amsterdam,” and that should 


anys of you ever visit old Amsterdam, you call on me — that’ ‘s all. 


BY ASHBEL WELCH. 
Mr. ‘President t and Gentlemen,—You will remember that I asked M. 


de Lesseps the other night: ‘Why go to the enormous } expense < of ihe: 


ings a sea el across ‘the Isthmus, when a ona with two or 


q In: his a answer whe mentioned t two 0 objections to the locks; one was 1s the cost ‘vy 


of poets and operating them, the other the detention of the vessels. 


remarked that locks might do ) very W well for ships of small size, but Ss 


follows public opinion, which, whatever his own opinion may ‘be, ee 
a 


not for such as w ould navigate this canal. i this the veteran diplomat 


in three locks, each of 20 feet lift on the ‘cut 
second, that t the annual costs a 


: ‘that ev. er floated can an be handled with as much certainty and ‘adieu as 
ea admit that if animal power, or the steam power afloat were to he ig 


por in handling the \ vessels, or human hands were to operate th the locks, 
as I suppose is now yw the case on all canals i in the world but one, I should 


with M. de Lesseps, or rather Ww with present ‘public opini on, that 


locks should be avoided a at 1 iw hatever cost. nea 


rices estimated by the engineers, I shall for the present | purpose admit a 


that those prices are correct. rece 


J ‘Picking out of the estimate the items of cost cat sa saved in 


hole, and apportioning those ‘that may be saved in pert by ¢ 60 feet lock- 


age on each side of the mountain, the savin 
the mountair 


Couvreux be passed, for the interesting discussion which they have 

a 

7 

q 

wee 

— 
— 
q 

— 

= 
g be less than doU UU 

q 


auzats stated the other night that nom Atte averages 


i: 180 feet deep for seven miles in length. By reducing the cut to 120 feet = 
forty per cent. bad the queattiy: = would be saved, and consideri ing g the much 


greater © cost per per yard of taking ¢ out the bottom than pas top, pe: 


one- -half ‘the cost would be s sav ed. 


As the deep ‘ill doubtless take the lo it is 


1 that reducing the work in it one-half will reduc ce the: time for completin 


canal as much as one-quarter. The engineers say that “ “with good 
“and judicious the Ww ork can be completed in eight years, 
~The locks woul 1 doubtless 


= canal should be abov ye any end the hat the 


unnecessarily large size for present business odds mat a very 
~ moderate percentage to the first sates and almost nothing to ) the cost m3 


time: of 0 oper erating. ‘The waste of water in this case is of no account. ey 
_ Arrangements easy ant inexpensive can be made beforehand for | increas-_ 
5 ing the length without any interruption to the navigation, should ¢ that 


ever become necessary. My” “experience in lengthening locks has sug- 


gested how this can be done. The: cost of six such locks, built in the best — 7 
and safest manner, masonry, may be seven or eight 


ay 


Unless a very reat amount of property w ould be destroyed by the 
proy 

i. dam, to which our nee: was called by Mr. W ard some time ago, it 

‘ "should be built as near the mouth of the Chagres River as a good site 
> ; “can be found, and raise the water from 20 to 80 feet, as the condition of 

"property ¢ on the river above may permit. Ifthe damages were $20000- 
a 000, or even much more than that, there would still be an immense gain 


by it. It would m make safer and navigation & sea- -level 
Instead of a narrow canal with only passing places every 3or4 


= 


miles, involving some hours detention to each vessel, and a constant risk 


— 
and probably much more. Most of the work under water, and 
4 
{ 
4 
q | 

4 
= 


cribs filled wit 1 stone, sunk on any kind ; 


q 


ild b e of timbe1 


of iii. with an apron below of crib work 5 feet or 6 feet deep, filled 


_ with stone, except 1 near the lower end, covered with logs parallel to the 


‘stream, carried down stream 150 feet to keep the excavation made by the 


water in the bed of the stream at a safe distance from the dam. Such 
_eribs, unless undermined, are intmovable, and being always wet, inde. 


v = 


work wi ay, but nev such dams. 
_* dam 11 100 feet base, 80° feet* high, with apron 150 feet long, | 6 i 
deep, would } probably cost $500 per foot lineal, or 2 000 feet long Ww would Bes 


cost a million, This. is 50 per cent. more per cubic foot of ae = 
than the I am accustomed to. There is no dificulty in rais- 


Pal > 
feet and base 150 fot it would cont 800 per f foot lineal. 
a I indge f from de Lesseps' raised map that a good site may be 


4 The saving e the 60 feet lockage on each side being 350 000 000 s 


5 franes, d deduct the cost of the locks and dam, the probable 


by ‘the e engineers, and if ‘ono-cighth of that sum = $21 00 000 
is set apart at the beginning of each year, then at 7 per cent., com- 

pounded every 6 months (w hich is far less than the experience of this 
- country warrants us in expecting, especially in an enteprise regarded a as 
sO doubtful as this), the interest up to the time of completion will be 

(ei 000 00 000 x 3.04 =) 963 § 840 000. If the ‘time with locks is 6 years 
a and the co cost $108 000 000, the interest at the : same rate to the time of - 


Sail 


com is (108 000 000 x 1. $30 348 000. The saving in inter- 


P 


a _ of scraping the bilge on the slopes of the banks, vessels could go through 
‘a = a an open lake, in deep water, without risk or interruption, and at much — Lae 
is 4 = ; a. higher speed, and it would save much difficult and expensive work, and - 
form a reservoir for, and discharge gradually, an immense amountof 
— 
— 
— 
a 
— 
— 
— 
= 
x 
— 
— 
4 
— 
to the $60 000 000 saved in construction, and we have over 0 
a saved in construction and interest up to the 


‘The cost per yard of the deep ent will be considerably reduced, in 
addition to other considerations, by giving more time to do the icine 
taf But there i isa claim for deduction from this for the maintenance and 


- - operation on of the locks and for the detention of vessels passing them. = 


a The principal expense of maintaining locks i is « on the wickets in the 

gates. ‘I would have none in this case, but feed and empty by channels 

= each side, or, where the locations do “not siaeen that, large side 


The largest calculation for cost of and of operating 


the 1 manner I esoeay cannot exceed $50 000 per annum for each Tock, 


As for acci de 


suitable appliances for handling than on any 1 000 feet 
ath 0 of ‘the canal ; for the vessel i is under stronger, more perfect, and 


expert handling than : anyw ywhere else. Sar 


e detention, on shown hereafter, need not be more than half an 
1our at each lock, or ‘three hours in all. ; With ordinary vessels it would 
uch less _ The present California ships « carry 3 000 or: 4 000 tons 


S 


A - measurement, or about 2 200 tons actual weight. © - Taking all ships, g great 
and small, will probably average at 500 tons weight, or 4 


surement.. ‘ If 6 000 000 tons measurement } passes the canal per — 


q will ‘then require 1 500 v vessels ; if 6 0 000 000 weight, 2 400. But 
I oa afford to admit for this purpose ‘that there will be 10( 000 000. tons” 


ann in 4 000 véssels, , and that the detention involves a a 


n outside calculation. $480 000 


8 
er against t t 7 per cent. this a capital 


= 


little less than $7 000 000; at 6, $8 000 000 ; at 5 ws $9 600 000. I can 

fford to call it $10000000. 

Reiner this from $93 000 has we have $83 ( 000 000 net saving. g. The 


oe construction nent $64 000 000 (and both will be greatly exceeded), the 
whole cost t up to the time is $232 ( 000 000. 
4 The $83 000 000 net saving, after Setnaiing all disadvantages, is con- 


al 
4 derably r more than one-third of the whole estimate. roe 


If.so much can be saved with so little loss, by 60 lockage on each 
not have more lockage ? I cannot answer, without knowing 


a 


: 

q 
a 

— 

7 
— 
annum 
ig 
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whether water can be alw ays at command 80 high up; and not know- 
i ing the ground, how expensive the feeder might be to reach the summit. — 


‘There will doubtless be abundant water at all times in the pool above the 
great dam the height of 60 feet above per haps much more, 


7 oe ae I have | already said, if animal p power was to. be used in ha shi 


‘ large vessels into and out of the locks, or if they were moved | only 


their en, gines, or the gates and valves: were opers ated by 


= hands, all of which i is, as I ‘centile: still the p practi tice in every canal in 


the world but one, I should agree with Mz. de ‘Lesseps that for a canal 


‘navigated by large ships, locks should be avoided whatever the cost 


It is under such ex perience that the resent public Opinion against 
locks vend formed. 7 We hav e all seen the slow and sometimes dange rous 
operation of peran a ‘big ship into her berth or dock. . Though i 


case of a canal lock there i is ‘no t tide across | the ship's course, the delay 


and risk with the ordinary mode of ied are so great : as to be avoided 


4 connects the w of New York and Philadelphia. “The loc ks 
feet width and 220 feet length h of chamber. hey we re eale ted to 


4 locks commonly pass two boats of about half their le: ngth, often having 


an aggregate weight of a a million 1 and a quarter to a million and a half of 


_ pounds. I was so much impressed with the slowness and risk of hand- 


ling these heavy vessels and operating the locks in the oldjway, and thai 


- consequent low limit of capacity, that for many years I had it in contem- 


plation to use steam upon the walls to haul the vessels in and out and 


_ open and shut tthe g gates and valves. of In 1868 the canal nearly reached its 


with the then and that year and the 


2 
heard of since. was early a pet pk n of mine, hove: watched it 
since. I was surprised i in 1869 to find no such heul- 
ing vessels at any of the London or Liverpool docks, though they had aie 
dranlic on the ‘spot. learn that some such’contrivance hes 


The ew hele is simple. The engine has two small I] cyl-— 


— 

tm 
il: 
— 

We 

— 
— 

— 

— 


-« 


‘inde rs, Ww working cranks a at right angles on the : same shaft. T This gearing y 


ii 
- down through some intermediate wheels works a drum 3 inches in 
‘diameter, which moves a one- -inch + wire hauling ‘cable, along the face of % 


a 


‘eae speed of the rope is half that of the pistons. — This hauling eable is 


— eonnec ted v Ww vith | the vessel by a rope fastened at one end to a ring in the 


the lock wall, after passing around sheaves above and below the lock. 5 


le, and at the other to a ti timber | head on the vessel. The cables were 
made by Roebling and have never broken. ‘The engines and ‘machinery 


made by Mr. Wm. Cow in, the L: ambertv ille Iron Works. te ‘The 
stands on a sheltered projecting over the edge of the 


every in reach without moving from his | position, or turn-— 


ing his face away from the vessel. 2 Though he has so many pullings and and 
Iecliogs's and openings and shuttings, they are not simultaneous, but: in 


“succession. . The w whole | operation is thus performed by a single expert, 


a trained to to this work—sheltered from the we ather, instead of inferior and 
-inexperiene: ed men, whether on the vessel or on the walls, sometimes ex- * 


7 "posed to the storm and often failing to act in concert. 


T shall not describe the apparatus now used in | detail, but. state what 


think should be used i in the proposed Isthmian Canal. 
Suppose a. aship may possibly pass equal i in weight to rectangular 


= 


= 


box x 48 feet a wide 500 : feet t long, with it immersed 1 depth : of 2 25 5 feet ; ; equal to 
an act nal ty of 48 feet beam, 0 er 600 feot long, ing 26 or | 28 feet. 


4 


= 


water, weigh would be 37 500 000 ) pounds. the ¢ 


still more extreme, call it 49.000 000 pounds r 
ovescome inertia of and give it * of 2 feet 


per second i in 60 conde, or to stop: that ‘velocity in ‘seconds (disre- 


of 


“4 th ‘ of the water), the acc celeration or retardation must be 
As the whole weight gives a an accelera- 


ires (3, =32p.: = 


30 
to sive such a of 2 


- 


ope 2} inches in 


mallee, As the movemé nent is so s 


ge as if 


= 

a 

7 

| 

— 

gia 

aa 

| 

nef 

a 

«Bare A Ve. | 

steel rope may be low and these ex- a 

treme weights seldom moved, anc hereafter men- 

tioned, the rope need not be so larg 1g rapidly and 


- 


A The power may t be generated oy an engine of two cylinders each 16 _ 
or 18 inches. diameter, the pistons ordinarily r moving 240 feet } per minute. — 


power should be used in succession to haul the vessels in ona out : 


land hold the four b breast 
to open ond shut the valves that and discharge the w: 


and empty the lock; to operate the brake hereafter 


handle the light sh shears used to ‘pass shore lines on beard a vessel, not 


yet et otherwise in reach to lift out and replace | gates and “valves when 
ard hereafter mentioned. when ‘neces- 


moves slong the face of the Jock a 


f the 


and never reaches the. be 4 ine thes in diameter, covered SO 


as not to be injured by friction, ands ‘a friction n brake: worked by the en- 
gine should | be ready to be applied to it near each end of the 1 lock. — If it 
is ever necessary ten use this ‘brake it w 40 000 000 pounds 


2et, the 
b= 3x4: nds. A snubbing line of the sa same size : 


thould pass from a ring in at cable to the quarter of the 7 in seit: 


‘out of the lock and in her position the lock is filling empty- 
Th 1ese should probably be 24-inch wire r ropes, hauled and held by 


the engine. Several plans suggest themselves, simple 2 and sure in their 


7 - operation, of trav — apparatus running in groov es, and: mov ed by the 


engine, for carrying along these line es on shore. 
| 


Each on the canal should be provided with strong 
: ‘lines ° with a ring or hook at one end to project through the hawse holes | 


or over the bulwar ks, the other end made ‘fast to the bitts or something | ; 


¢ 

eds else. To these rings or hooks corresponding hooks or ‘Tings on the breast 


and hauling lines handed aboard by the shears can can — attached without 
4 delay. These lines may be given 


should not be allow od to touch the or and it is easy to to preve 


— 

q a 
— 

— 
— An iron pipe 2 feet in diameter must be placed under the bottomof = 
— : _. upper level, on the upper side of the head wall, through which the __ 

—_ j- Wire ropes pass that carry the power from the engine to the other sideof = 
— 
q 
‘Breast lines, one on each bow of the ship, and one on each quarter, 
— 
— 19 
A 
— 


be raised in a low seconds the engine. have found such 


Tors may, perhaps, sometimes go out it by their own power, but — 


in. ‘They have not such quick and delicate control of their power. 
_ Everything should be done by the one expert, ee in his she Itered 


The lock when technically “empty,” should have four fet water un- 


not s surge when the water comes in rapidly i in filling. 


To guard against the possibility o of detention i in case of accident to the — 

gates, ‘spare gates he kept on should be always 


$ ready for use on the side where » the engine is, opposite to each p: pair of © Pet 


gates, and and then the engines can take out the old and put in the new gate 


“without an hour's detention. ‘Some of these are against 
difficulties that will seldom or never occur. 


may bes said that all this requires muc ‘that the ma 


chinery may ay get out of order, and 1 that it is expensiv ave. Te Tn fact, every Ps 


of the machiner is of the kind ; the exper ience of 11 years 


never heard of an accident or 


1 500 000 pounds 
to 40. 000 000. The is, that i in the latter. case the Power must 


7 
be the apparatus stronger, the motions “slower, even the 
slightest ec concussion must be (as it can be) ab absolutely prev evented. 


| 


hen we see a steel converter handled with va muc facility six 


tons ‘of melted metal poured ‘out with as much e ease and certainty as a 
dad uly pours out a cup of of tea, we 


ever large, by same agency proper appliances, b be 


handled a as easily and sa 


Hydraulic et engines better than the: direct on 
but more expensive, 

a Before y putting up my lock operators 11 years ago, I ‘calculated e every 


— train, pow er and motion. we After years ¢ of trial I do not anak: 
ald a Nothing has has failed or broken 


|g 
; 
= vm 
h while to spend thousands in orderto 
a 
4 
‘ie 
# 
| 


have not varied a quarter of a minute trom the calculations. * there- 
> fore, feel warranted in speaking on ‘te subject w with the utmost confi- 3 


the tot the ng cabl e, and attaching breast 


fore and aft and on 
‘ating: ae motion of two feet per second and going sixty 


“Movin, ing 840 feet at 2 feet per secon 4 7 
Stopping in sixty seconds — 


Securing vessel and shutting gates at the same time 


F ling lock | 6 minutes, (emptyi ing 5). 


Hauling out, if if up stream 6 6, down average 


Allow 4 minutes for slowi ‘ing up, before reaching the lock, 


With 13 feet feeding and tempts ing pipes on each h side, t the 


as 


ina minute and a half. 


under 6 minutes. The valves are under su absolute control of the 
- engineer, w ho watches the effects, that he can fill as gently or or as as replay 


vy 


= Smaller vessels can be safely ly y passed much more rapidly. , : 
On the Delaware & Raritan two loaded boats m may be aici one way ay, e 
_ and two light boats the other, in 16 minutes—the » loaded i in 9 » the light 


‘Iti is commonly dousis in 18 minutes. ‘The locks are filled or emptied 


_ Pumps to be 1 worked | by t the engine should be on hand to give ac acess 4 


to all the works under water, for inspection or repairs. 
- If single locks should become insufficient in 20 years, or longer locks ~ 


7 be required, the present value of the cost of building them at at time, 


only one-fourth of that cost. It iss econom cal to pay 4 ‘dollars 20 
a years h hence » for a thing you ou don’ t want till then, as to pay one dollar for 


— 

j 
the heaviest vessel will be about as fol- 

Tminute, 

| 

7 the upper Lehigh, 27; feet lift 4 | 
il: | 
— 
— 
— 

% 
— 


S and l n locks would make 
na avigation safer and speedier than a sea-level canal The speed could 
be higher in the open river. or rather lake .* ensels would not ha ave to lie | 


till, pe perhaps nearly half the time at the passing places, and they would 


have less chance of heving their copper scunped off against te slopes of 


7 the banks. a If the canal \ were made without locks, the best thing tobe 
done would: be at i each end, so as to de leepen and pa 


€ 


Widen the ec: inal, make the safe hi 1igher, and enable v 


essels to pass 


each other almost any rwhere, ~ The danger at loe ‘ks ¢ can be made less than 
‘anal. en; engineering g and canal mani wement are: still running 1 in 


grooves established in 1 the a age ot Louis the Fourteenth. ‘| The few canals 


on any other part of of the canal. a 


now made are not such a as require. e ski ill, but main strength | and money. 


T he improvements s that have been made are unknow: n to the great w orld, 


because the w in these days has: taken no interest in nthe 


was: useless to 


vies 
‘Hence a an uninfor bie opinion objects to for large ships, 


by hand, wi thout such ay apparatus as can easily be applied at a Loe k built 

"with a view to such application. y I would no more think of passing a a 


artificial strait:”” Aw without impediment,” ond all 
suc phrases hi 


A 
‘nillions of dollars for: an n idea—to an unreasoning med 


public opinion, is bad | engineering. That is the best engineering, not 


which h makes the most splendid, ‘or even the most p perfect work, b mt th 


whie h makes a work os answers the purpose well, at the least cost. 


- ‘The demand of the public for a canal without locks, reminds one al 


% 


- ‘Charles Lamb’s youthful Chinaman, who for want of knowi ing any han 


w ay, ‘bumed down his honse to roast his pig iat ON: 
A canal is not a monument, but an enterprise. 


No engineer is war- 
ranted i in building a monument to himself with other -people’s 1 m 


- Besides a a splendid work, more expensive than i is necessar y to ste er the 
. purpose, is a monument that confers no credit on the builder. i To make 


_ an enormously expensive work, when a cheaper one ‘skillfully made and 


oper: ted, woull answer the p purpose e even better, is at best a magnificent 


— 
4 
a 
a 
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Roebling’s bridge succeeded. 
4 M. de Lesseps, by presenting his plans t to this Society, has invited © 


criticism. it It is our r duty to it fearlessly ; and it. is our duty Ww 


wea are sure, from on our own experience, that public « opinion | on engineer- 


wa 7 questions i is mistaken on any point, t to endeavor to set it right — ar . 
mi To admit, that with all the powers and ori now at our com- 


mand, w we cannot produce : apparatus that will handle the largest ves vessel 
that ever floated, or that ever will float on the ocean, with the same » inl a 


ity, =o and safety, that a steel converter is handled, is a ponte q 


s, the eve c of the twentieth century. 


of Transactions Inter-0 anic Ca wn: nal P > paper 


Evans. I would like to n make a few remarks or points suggested by 


Like him, rt have: hed: a oon deal to do with locks and dams, and 


ke him I am afraid of them. In the \ valley « of the Ohio we have al 


vers that at are lo locked and 1d dammed, : all of which have a record of more or 


ess disaster; and we shave several, as the Kentucky, the Ww Wabash, the Guy - a 
ndotte, 1 which once w . were locked and dammed and a 


Ua 
= 


raving snecumbed to time and: flood. 


are no longer, 


agree w ith Mr. Evans that hours a lock is not too a 


_ first- class ocean steamer. er. I had an exper ience at the New York 1 wharves es 
with ¢ the Celtic, similar to the one which he had with her sister ship 
the Br itannic. I have also seen large steamers enter the Biskenbeod . 
have passed thro throug zh the locks of the Louisville and 
ia and Canal. . From all of the these I feel sure that 20 minutes to a lock i » 
al absurdly low. DeLagrené (Navigation Interiewre) gives 23 “minutes as 
the time for a tow-boat and its. barges | to pass through a lock on the > 
. Upper & Seine, assuming that: she is not detained above or below the lock. — 


“4 He says that a single barge ¥ Ww vithout tow- boat requires es 30 minutes. = =a 


hen, at ¢ our an enquiring me »mber asked how it was 
Proposed to provide for the Obispo, an affluent of the Chagres, which 
a empties into it from the north, Mr. Dirks at once answered that, although’ 


la 
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‘thes stream was sa small one, and could, without detcionant; be allowed to 


enter the he canal, yet, if upon further consider ration it, was deemed d best to 


- keep it out, it could be sw ung over the 1e canal on a drawbr idge carry inga 
. trough; and when the passage of of vessels necessitated the opening of the 


bridge, the waters could be dammed back by sluice-gates. 


enious suggestion affords a tempting’ indu 


tion of than to join in the a discussion of a subject w which 
has became of such national importance, swinging into it as it were from 


the nethermost w to be dammed back, need be, 


‘the routes proposed of their probable cost, not uly by 


to be more or less prejudiced, but by old and experienced hydraulic en- 
gineers, who could only be influenced in their cone clusions by a sense of Pre 


unbiased truthfulness, sand an exalted estimate of the value to be attached 


who have no knowledge of the difficulty of the be 


“solved, who have not been deprived of rest by anticipation « of “earth- 


whe on the line of the San Juan,” or consigned: to a period of i inae tion 
‘under depressing influences of that w onderfully v varying “Delt of 


calms” encircling the Bay of Panama; those of us, in fact, who ‘must take 


our information second hand, may nev ertheless have arriv aii at a reason-— 


ably idea of what is involved in the construction of a canal 


gathering at Paris, whic h, under the guidance of master hand, oll 


it is true, that not with eye upon the To 


inte oceanic ‘communic anication can accomplished 


means a a canal ‘with locks, the amount of elev ation to be over- 


This original and ing 
— 
— 
4 a @ 
4 
Thank M. de Garay, 44 
but I am sure many of ‘us who had the pleasure of listening to his elo- 
— 


particularly w hen there a are such potent geographical ar guments in favor ° 
of a more northern route. 


enocal’s paper on the Nicaragua route has been so fully discussed 


by members whose experience in Speen construc tion enables om to 
speak with aut authority, that it Wo 


what has been said i in order to means more fully the utter inadequacy 


of the plan | to the 1 requirements - ot the canal which would 
vessels of the dimensions which found to be the 


at present ti time, scare ely’ be entitled ‘to se serious 


% water- -way at the sea level, and upon a much shorter route, As “As regards 
- the fir st cost of a canal | with loc ks via Nicaragua compare ed w “i that of 


a sea-level canal, it : seems to me that Mr. Menocal has seriously 1 underesti- 


ted the difficulties to be overcome ‘upon the route favored | by him, both — 
regards "quantities to De ren removed and cost per ‘yard, to say nothing « of 


» gre vatly increased. dimensions 1 which would undoubtedly be insisted 


upon if the wor k were ever undertaken, and the never- -ending 8 sources of 


expense attending the working ‘of loc ‘ks, certainly not less than. 600 feet ‘| 
long by 60 feet w wide. ‘The question ¢ of first cost must endoubteliy ‘receive — 


do not rise even to the dignity of: a a rough an as Mr. Evans 


s clea arly shown, D, , and they may with “propriety ‘be consi signed to 


seclusion of a convenient pigeon- “hole v until ei such time as as ea-level canal 


is proved to be impracticable. 
as The San in Blas route, located as as it is upon on the shortest line across the — 
Isthmus and w ith | good harbors | at either end, would from these Pen i 
es alone be v very likely to attract favorable notic ie ie 
That it has not carefully surveyed as some of the other li lines 
a ‘is certainly not the fault of Mr. Kelley, who, after having ute muel + y 
- time end money ina purely disinterested effort to fathom the 1 my rstery of he 


the Isthmus, has finally arrived at the conclusion tha that, notwithstanding — 


the colossal difficulties inv olved in the construction of a tunnel at east 


seven long, a and ned to yam the of the ‘future, the 


an engineer than W. Ww. Ev vans, prey is lly qualified to 
speak with guthority upon such subjects. 


But even if it be granted that the physical difficulties can be overcome _ 


a A at ‘t anything like the figures ns named by Mr. Kelley, there w will | yet remain “ 


— 
— 
— 
| 
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the commercial Can owners of be induced risk them 


confess to being somewhat skeptical on this point, olin being 
ad 


to give a scientific reason for my belief, or rather unbelief. : —o 


s, that unless a structure presents the appearance e of s safety to the lay 


wind, it is very difficult to beget confidence in in it; and I do not think it 


requires any argument to prove that the. fear of possible accident fro m 


4. 


falling rock in a tunnel 150 feet high and of such length 


as they related to engineering were founded upon ‘sound 

nciples, a and | unless some take the 

“conclusive i in de ‘termining the of active effort in the solution of 

4 


at or e engineer, has 


plishment of w he in the treatment of 


_ question, I believe he has arrived at the only conclusion which w vill 
- stand the test baud vigorous inv estigation ; and that a sea- level canal Lat 


Panama is not only phy sically practicable, but it is the only expedient 
which the commerce of the can be permanenily and materially 
Denefited, ‘so far as isthmian communication i is concerned. 


_ ee cost “ such a a canal has been estimated by engineers whose ex: 


whats we we are assured | by — Dirks that he he is isw willing to to die his repeian 


tion on the possibility. of constructing - the canal at Panama for + a total — 
sum of $168 00 000 000, we cannot but assume that the probabiliti es are i 


favor of the accuracy of the figures. given. 


4 But there are two features of this queatjon * 1 which lie outside of and 


beyond the exch lusive domain of the « engineer, Ss més 
ie refer to them possibly of sufficient i imports to overshadow the pro 


"fessional difficulties altogether. “7 allude | to the ec contingent expenses at- 


raising money to carry out the work ; and to the 


— 
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t 

— 

proved himself to be possessed of ag 
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First, as to contingent expenses : 


It is scarcely necessa: 


| 
ssary to remark that ‘the contingencies attending 


work of this magnitude are likely to be very great, and quite 

plicated in n their estimation as the determination of the rev ent. 
The e Suez ‘Compan 


ny was org ranized with a capital of $40 000 000 “2 


enpitel account on the completion of the was 
7 $91 500 000, or more e than double the original — 


ital took 
_ If we apply a similar ‘ratio to the Panama scheme, with : 


a 

an or = 
“capital of wine 000 000, as proposed by M. de Lesseps, we should expect _ 


find the final cost reach the “neighborhood of 000 000 ; 
am inclined to ‘think thet the figure exce 


will exceed, rather than 

asa nt of last resort in matters pertainin 

contingenc ‘ies ; and is: thi 


this reason that w we may, " with pro 
_priety, earn the further development o of the issue in the hands of such an 


_ one as /M. de Lesseps, whose e experience in other and more varied spheres 


of action justly entitle him to. con nmand the resp ectful attention of 
capi ts, and the glowing admiration of the engineer. 


, as to rev enue: : The Committee 0 on Statistic a 


F rom and to the United States res, ae 


2 000 000 tons. ; 


Estimated present tonnage. 
_— as it was assumed that the canal w e10 years in building, st 


and t that during o- ve traffic heinerale increase at the x rate of 5 per cent. 2 


e Atlar antic ‘and 


‘Pacific upon the “opening of the canal might to amount t 


It not claimed, however, that the whole of this would 


ver 
through the canal. 


L. Indeed, the Committee | uttered a » distinct note of 


he: 
warning against the assumption that either in n the first year, or in subse- 
aan, this amount of tonnage could be relied “upon to pass” the 


canal. It was stated 1 to be as the total volume, the reservoir from which =f 


— 


4 as com-— ¢ 
— 
a 
8 
— 
— 
— traffic, Europe to the Orien 356.000“ 
| , Europe to the Orient........... 
a 
— 


how much through the canal, would depend on 4 


which th the Committee dia not feel warranted i in assuming. = a 4 = 
“ew From which it will appear : that the estimated revenue 2 of $18 000 000 

- upon an assumed tonnage of 6000000 tons is based upon extremely 


compiling some statements upon this s subject for sev months, 


has not ot yetia arrived at definite results. We are promised copies of 
them w hen n completed, and it is not impossible that they may y show that ; 
so some extent the Paris Congress, for want of better was 


compelled to draw upon its imagination for its fe 


The only precedent we have ‘which to base assumption is the 
at ‘Some, where 1 we find canal inland waters, 


pean for facilitating | the intercourse between 200 ‘000 000 of people i in 


India and the governing country, England ; and yet the tonnage at _ at 
‘Suez oe: not much exceed 3 000 000 of t tons per annum, the exact 

figures from the date of opening g being 


915 
1142 200 
744 481 


15 291 535. 
trast the the geographical conditions at Suez and P ‘anama, the 


‘ omparison Ww ould bi be very much as if we were to take the business on 


the New York Central & Hudson River Railroad as a guide in estimating — 


=" probable traffic of the ‘Northern Pacific Railroad—the one a trunk 

“Tine passing through a  tieh ana thickly settled country, and the other a 


pioneer of civilization, pushing out into the trackless prairie, drawing » 


with ita tide a of of emigration, and opening ne new and d unexpec ted sou 


y et t from this very comparison we may, perhaps, be the 


ut 

_traffic was to be awn 9 ow much o by other routes. or _ 

> — 

a 

pan 
| 
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q Of wealth ; jy i 


ter abie t to judge of the commnen reial prospects of the Panama canal, 
rhile it is ‘more than probable that if that canal were opened to- day 


the Atlantic to the Pacific, there would not bea tithe of the esti- 
“mated traftic ready to ‘make use of it N evertheless, we are to bear i in 


- mind that in . the ten years which must ensue before it can ‘be built 
great Govetapmanta in trade and ¢ commerce are to be expected, and me 


shall ll say what the amount of that increase may be? ‘Who, © 


is a all familiar with the deve opment of the nat Ww ont, will 


to forecast the commercial balance-sheet for the year May 


* 
us 0 discuss this branch ‘of the subject 


nd my friend who has as just s sat down to i 


for a a ship ‘eanal ocean to ocean through the 


‘Valley ot Chagres, rather than: ‘acanal with locks, on the ground of 


great cost of construction, maintenance | ‘and operation 2 of locks, th 


nai delay i in passing them, and the risk of injury to the vessels while : 


which a: are aie liable to. ‘burst their banks, with the most para 


consequences | to the canal and everything in i ang 


first thought of an America n canal and river engineer, on 


M raised msp, is is to the valley of the lower 


from such as was by Mr. ©. D. Ward. 


— b 
7 
— 
= 

Atlandie 

— 
es ss lifferences of opinion? And inasmuch as the capital necessary for ee 

eonstruction of such a work would be obtained, if at all, from sources 

— 
© wk 

I under dorse the sea-level ay 
— . | 

— 

avoid the locks| row, far 
ipsto 
j- underground, enormously expensive canal, too narrow for large ships to 
pass, except at passing places averaging 5 miles apart, sunk under the 
‘4 . a - bottom of a valley sometimes flooded 45 or 50 feet deep, with artificial ‘Tee 
i 


ial ike ; its sur surface, | say 80 


LAKE | 


feet or more than ocean, W if M. de Lesseps’ raised map 


is * all cor rrect, would give a ship channel 40 or 50 feet deep, | and more — 

ue > 4 - 
‘than a quarter of a mile while in the narrowest place. Ih hear the objec- 


tion that the Chagres i is a crooked stream, and could not sie nav igated oy 
long ships. ‘Thats is true. Of course, I w would not merely slack- 


water the river er. But the valley is is direct, without sharp turns, and the 
& channel would oooupy the whole of that valley, 1 not the: mere bed of 


make this lake 80 feet high | and reach it, woul d require dam 
th might be 120 feet high | from the bottom of mud of the Chagres 


a few hundred feet in length « a dam, and w which ‘should reach from 


rock to rock, and 4 locks averaging 20 feet lift each t”™” 


¢: a crib dam 200 feet bene, 1 120 feet high from the bottom ot the mud 
of the river, with crib a apron ron averaging 15 feet deep: and extending 300 | 
eet down stream, from the dam proper, would cost in a wooded country ; 

here, including | filling all cribs with stone and gravelling on the upper 


of the dam, from $1 500 to $2 000 per foot lineal. 


ace 


On the Isthmus it it might cost $3 000 per f foot lineal. it the Chagres 
isl 000 feet wide, ‘this makes $300 000. zal If f the ¢ distances to to the high land BS 


~oneach side are 2 000 feet, the cost per foot lineal for a rubble 
dam, with the gravel ‘ling above it, may be $400 per foot t lineal, making 
600 000. Total, $2 000 000, For th the present we W ill 

double thisand call it$100000. 

4 Mr. Evans, in his is very al able paper advocating the Sa ys 
preference to to the Chagres valley, speaks o} of damsas hazardous, ont of the | 
destruction by ya great flood of the dams on the up upper ‘Lehigh. . These c1 crib” 
dams proper were Nor injured by the flood. d. 7 The water verflowed nd 
‘in consequence carried away the embankmer its bet f th ne » ends of the 

dams and the highlands, and carried away almost every ything else but 


the crib dams which stood in the midst of the 


it would also re require to get to the lake thus formed, 
20 feet lift eacl ch. These locks, s say r 600 feet by feet cham-— 


in in 24 oF 2} minutes, when there is in the or with a ship is in 


the lock to fill safely in 6 minutes and empty in 4) minutes, s, and steam — 


Woe 


4 
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_ of the locks would be e very litt little, the things thit cause nearly a all the ex- 


pense of of ordinary locks avoided. The operating in- 


Reach $50 000 ” 


‘pense of maintenance and ‘equals the interest, is two n millions 
of dollars for such a lock, , or one one hundred thousand dollars ‘per foot lift. 


ns 4 locks to from the At Atlantic t to th the lake, and tl the get 


"This would require re- of the Ponema Railroad for some 
e 


= 20 miles o1 on a higher level. a An outside caleulation for this would be 


$2. ) $5 000 000. 


A 


many uncer ertain and unforeseen items, especially | the very heavy : item <2 oes 


_ pumping, g, and others ar rising from the work being so low down in, or un- a a 
the bottoms o of the valleys. The Suez Canal, I understood, cost 


‘4 double the estimate. Is should add 50 — cent. ‘to the estimate , named, pal 
Thele locks ¢ and Ww rould nearly the canal, some of 


case, nse, dispense Ww with, the dam pues back the storm 


, a” —__ engine on the wall, and the appliances to open and shut all the gates and _ | 
| 
— 
: 

| 
— 8 | rannum. Roughly, we may say that the cost of on 

4 
a 
— 
— 
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it would cost twenty millions for damages, it would be money saved to 
locks, dam, and damages, might cost, including the 

which annual expense is the interest, thirty millions of dollars, 
i 4 a ‘s _M. de Lesseps estimates the cost of his canal at $168 000 000. Most Nees 

2 _ OF canals that I ever knew, or knew about, have cost very much more than > mae 
| 
— 
| 

_ the average deep cut miles long, from 180 feet to 100,feet deep,end 
JZ n _ decrease the cost of the rest of the work a good deal. I suppose it will sk 

hardly be questioned ‘that the cost on the plan I propose wouldbe 40 per 


ra to ‘complete, a and 


: of ‘the: cost is set at the beginning of of each year, then the 
interest at 7 per cent. compounded every six ‘months, will be 


$122 000 000 up to the time of completion. n, This makes $372 000 000. 
en Tf the canal costs $150 000 000 , and it takes seven and a half years t se ; 
= finish it, ont $20 ane 000 are appropriated at the beginning of each year, 20) 
5 “then at the same rate, the interest uy up to the time of completion, is. i. 
ea little over $46 000 000. 00. Add this to the principal, and we have $196,- = 


a 000; the difference i is § 3176 000 000 ). Roughly, the cost 1 cost by nal latter 


“plan would be one-half as much by this as by the other plan. roast. 
The first | objection 1 to locks is the great cost of their ciel, 


“maintenance and operation. ‘The cost of maintenance of a lock ia 
itself, properly constr acted, is very little. The great ‘cost of constr nl 


and operation is freely a admitted. vl million | of dollars i is is a g great 


deal 0 of money, but if can a hundred by “spending 


al 


7 far better when | done ; and that too in the y very y particulars in which it ec 


objected to ; the speed and and safety of of the vessels, and the safety 


oe I understand the calculation to be that vessels while | moving throt — Ss 
M. de Lesseps’ canal can go three miles an hour, and that the detentions: 
baad the gassing places for large v vessels w ill be: 0 at least _— 


5 Inthe Jake, large e ships and d steamers can probably go5 10 miles : an 


; “hour, more easily than they can go 3 im the canal. This is makes 2, or at 


most, 4 hours. A To through the 8 locks we must allow 4 hours more, 


25 miles, requires at the Setanta in the thorough — 
7 ‘The sum n of these 
leve cat 


; it is proper that I should how it on can be done in leas 
third of that time, 
I here repeat what I said on a for mer ‘occasion, that I would “no more 
think o of making aship canal, with locks t to be worked by hi hand, 0 or of 
— and handling the ships there by human or quadruped p power, 


by p hale own steam afloat, than I would think of row wing a a . ship by ha hand — 


the locks would only b cheaper than the thoroagh cut, but 


| 

— 

4 
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a across the Atlantic. _A pat of wind would | give them a motion which a 


could not bec controlled. ‘The s steam afloat acting against unstable water, 
is too uncertain, and too sl slow to change, and unsafe, it E:; 


cost, and at other sacrifice. ae é 


a 3 The decision of 80 ‘many eminent and able | engineers in favor of a 
‘scheme so very , objectionable i in so many ’ respects as as this sea-level canal, — 
is evidently « ow ing to not considering that there i is an agent at command 


sufficiently powerful not only to operate the largest lock ever dreamed of, a 


_ but to move, handle and hold t 1e largest ship that ever floated, and that 
with appliances of the and quick an and certain in thei 


operation, Of course, I mean steam, nm not afloat, but on the lock v wall, 3 
- _ whe here it has a fixed base o of f operation. 4 All the processes are re performed 
ibys a single expert, from his elevated and sheltered Position, does 
ything, and hi as every | lever within in reac 
or turning head. 


This i is not a mere theory or untried project, but I devised it ‘many 


years ago, and put it in operation | eleven years ago, , and it has been in 


successful operation ever since. ‘True, itisona much smaller scale; but 
on the other hand, it is not on locks best ad: apted to the p purpose, which 
npn canal lock can and should be, , and the appar one is so simple that 


objection tol locks, except the of construction and of operation; an¢ and 


saved in some other w ay; and it is a question in each case w vhether more be 


time is is saved i in some other way than i is! lost by t the _ 


rge ships, passing a lock, should me held firmly i in every direction, 


itisa question ine onthe case that arises whether more than that cost is ie ey 


ar 


and never allowed to touch the walls or gates. Al They should be meee 


in slowly ; out as rapidly as the ‘Stationary power | will move them. 7 Their 


own steam should not be used except, , perhaps, i in going out, it, and their — 
should not be relied on, nor their own crews, except merely to to 


ook o on th wire tope lines 


shall not describe the ‘apparatus now, baving , ona former occasion, 

- pointed out generally its mode of operation, and intending, with the in- 

_ dulgence of this Society, to submit to them, on a future occasion, what I 


think the plan for a ship canal lock and i its “lock- -operator.” 


— 
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I. de Lesseps, and others, infer that it is a Jong. and ticklish opera- 


Fas 


tion to pass a ship through a a lock, because it is so to get it into a dock or 


“Derth from an open river or bay. ‘But the circumstances are very differ- 


cent. - In the canal, ‘the ship heads right to enter the lock from the : first ; 

in getting into her berth, from the riv rer, r, she must commonly ‘change her 


direction 9 90 Paagpese. es. In the canal there is no cross current, as often in 


— 
7 


In the canal, pore is , something fixed o1 on n each side to fasten, to and full 


from in every direction, which commonly there is ou in getting into 7 


BY 


—— not myself in charge of the em, I have lo 
li 


* 


mysen 
ing of ships, and I once had much experience in handling vessels a 


deal too: large | to be moved, without delay and di mnger, animal er. 


_ I know from experience, not only the very great sa saving of time, but the 


"immunity f from accident, meulting from the adoption of the stationary — 


“steam apparatus. A ‘ship passing a lock properly ‘constructed and so 
‘ provided ided, ought to be quite as sa safe as in any other part of the canal. 2 


= ‘The very large and numerous s gates | by which I pee opose t to admit and 
discharge’ the water through the aides of the lock, are, 0 of course, in- 
: tended to be opened and shut only by steam, and to hoist, not 1 revoly ve. R 2 
_ The great risks to which ch the low- level canal must always be exposed Re 


the greater safe ty of the lake is, perhaps, even a stronger 


3 
be 


, 3 in its favor than the saving in cost of construction. | 


‘Iti is to intercept and divert flood waters of the 


2 ‘streams that pour into the valley ‘of the lower er Chagres, by artificial rivers ers 
ri along tl the sides of the valley. A very little experience with such, must — 
impress any one Ww vith the great danger of their bursting their r banks, un- ‘a 
less made in a manner and of dimensions enormously expensive, and — es 
evidently n not contemplated i in this case. Rivers, at any rate American =_ 


re 
rivers, are always doing something they 1 never did before, and that n no- 


“body ever expected they ever would do. This y very ( 


hav e risen fifteen feet higher last November than in any of th 


floods ever previously known, thus discharging 50 or 100 per cent. more 


water per second than ever befo nown. . TheD Delaware, which h alw ways 
h ad the reputation of a well- -behaved river, rose toa a very ‘extraordinary — 

eight 1787, daring, what tradition calls, the 


| — 

be 

pe watched the hand- 2 

if 

4 

ii 
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4 
— pumpkin fresh, as to discharge full 50 per cent. more water per second. = — Agi 


oods should break into the canal (as t they surely will), “e+ Ww witial: 
9 not only fill it up, ethene: fore a long aiken, and stop the navigation — 


4% for a long time e, but destroy the ships that might be ¢ caught i in it. WwW ith a 
a ‘a current as would be created, any ship ould be helpless, one end 


ait, 


fasten on one side, the other: end on ‘the: other side, and on = 
subsidence of ‘the water» the s must break in ty wo or be 
strained. A large vessel i is a very helpless thing i in a small channel with 4 


a current. An effort was once mac de, w vithin | my know ledge, to navigate 
_ a canal feeder 60 feet iw vide on on the surface, , a 


and 6 feet deep, with a current — ; 
of only one foot per eecond, by 8 se hooners 80 feet or 90 feet long, 20 feet 


a or 22 feet beam, draw ing 5 feet ' Ww vater. or. In going with the current the Bu 
oe bow ofte n got fast against one bat bank, the : stern against th the. other. 


Raritan, 30 miles the steam tugs do not attempt to tow loaded 


vessels with the tide pumas the narrow part of the river. I have spent, : 


the irrup- 
tion of high level Ww ators into a canal, ond many days and nights 
oe If the lake is formed, the great dam across the upper Chagres will a 
still be necessary, —a, doubtless, other dams to hold back the t floods of 


some of the other rivers. + much 0 of the 2 storm water n may be a admitted ‘ 


‘while so straight, bro: oad and deep. 


‘The large extent of the water-shed of the Ch lagres: ‘must be a very 

‘serious objection to a navigation through it upon any plan. - have never — 

P formed, much less expressed, an opinion w hich of all the proposed 


~ routes should be. adopted, or w vhether the time has come to make a any 
canal at all. 


: Ys - en with the lake and dams the risk and i incony enience from wn Sua: 


a only insist that Upon ¥ whatever route the canal is built, 


the best plan sl shall bes adopted and that an enormous shall not be 


meats adv ocate, Mr. Kelley. 
that ‘there a ere no 0 floods to fear i is one of 


ance. ‘That it m may be a a sea- lev el ¢ can: al is not its great merit. If there # 


1A tock or two at each so as ay oid 


¥ 
— 
on 
| a 4 
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would take agreat deal. Quite a current would be admissible ina 
_ But am not prepared to sav tha 
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a too deep a a cut in earth, which is always troublesome — engineers — 


bnew how expensive it often is to maintain even a railroad through a = 


deep e cut. Iwo would make the canal in earth cuts, Ww when not too expen- 


ire, 120 feet wide at bottom and 32 feet deep, so that vessels could go 
fast ‘and ond each other where. ‘The 18 not 


There is one very se rious error which, perhaps, all the 
ors have fallen. ial shows how ih ideas on making still re run in nthe old 


They : all propose se to make the bottom « of the canal level, and phe 4 
within 2 feet of the bottom of the large ships. a ship, with only 


feet under her, « can only be “moved with great difficulty, and 


very slowly. Worse than that, ‘a little inequality in the bottom, such as 


a sand bar a sine inches high, will give a a | sheer, always liable t to injure 
‘the vessel, oon t the bank. Even when such a ship has a speed ¢ of only 


der 1 


ur, the co counter f flow a a nd the lateral flow u un 1er viaitiailiae: 


a high aide _ Any difference i in the facility w ith w hich the lateral < 


man 

flow: escapes gives the ship a sheer. unequal current and the greater 
--resista ance, where the water is the shallowest , will mor more than “counteract 
the guiding force of sides, keel and rudder. Probably, judging from my 


own observation in another canal, much of the difficulty in the Suez 


: Canal arises from the inequalities i in the bottom ‘made | by the e dredging 

: ¢ machines. 4 The bottom should be dished ad as to give 4 4or 5 feet water 

under a large ship, being, of course, carried dow n full width, _at least as 


deep as the bottom of the deeper ships. The speed ¢ could 1 then be in- 


creased by t the same power, the vessel would have way, ay, her 


tendency ould be to keep the middle of the canal, and the 
‘ in the v water tending to abrade the banks» w ould be very muc ch r 
yu 
- If the soil of the Egypto- Arabian desert will hold the water, the bent 
2 ay would be to put in a lock at each end of the Suez C Canal, pump up a 


the: water, or bring it from the Nile, if practicable, — ‘make the cha ann 
me Nile, 


over 40 feet instead of under 30 feet t deep, and wide enough to pass 
> set ev very ywhere, and thus enable steamers to pass in 21 instead of 4: art 


‘ing ng machines. 


In deep rock cuts a much better canal could be 1 made a the ‘same 


i, 


by making it deeper, even at the disadvantage of making it 2 


— 
7 7 As to the cost, it seems to me it is in this case fairly and fully ie ; = 
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little narrower than proposed by most of projectors. Take ‘such 
now to be 100 feet 100 feet wide at ‘the water 


er. It would be a great im- 
to it 8 feet deeper at centre line, so as to leave 36 
: _ water there, even if to. keep the area of the cross-section the same 
th 1e width at the water line had to be reduced to 94 feet or or 95 feet. WwW Ww we 


commonly proposed, a ship, in ‘the middl 


a - #4 feet beam, « drawi ing 26 feet water, would have 2 feet water under ber 
and 21 feet at the bilge to 28 fee t at the the Ww water: line ine on ea each 


18 to 25 feet on each. In the former case she could nm 
in the she could, steer Ww without difficulty. “This i is 80 obvious 


till experience forced it 0 on my 


friend's se conclusion, helieve the that a avery ey mach better n nav avigation then 


4 that proposed by M. de e Lesseps can be built on the same route 
a less engl To o make a a thorough cut canal through the valley of ‘the 


Bags 


4 ‘more ? is true that there are about 750 feet elev. to be 
_ overcome, , but it s seems to me that we should have more light than we 


have had as to that route. 


ASHBEL WELCH. — don not know about the 


The first question about the is, , have yo 
got s water enough for the locks ? PI know nothing about it ; but suppose 
have water enough, ‘then it is a of cost and of delay. If, 


to the calculation have made—and feel confident it 


into consideration the cost of construction and the 
of maintenance of the ‘proposed locks, ‘money disadvantage 


lock i is about one hundred thousand dollars per foot lift for such vessels 
will pass through, and be provided ‘i. the fir 


i 
vad cost and the annual cost of operation capitalized. 


— 
3 
4a 
— 
— Macponaup.—In view of the fact that locks can be so 
— 
— 
— 
— 
= 
overcome—750 feet. The first question is, have you got water enough? 
— 
— 
— hen Say al, 
= 


such lifts a as a ‘are ordinarily ‘made—eight | or ten 


would e all the locks, when the location permits, at least 


> feet. If not too much embankment, Iw ‘ould go as high as 25 feet t. 


4 . will not g go vee, , as at present advised, than 30 fe et. I know « of a4 


re would be no > difficulty i in filling or empty- 


ng these in in one a half inion. illing less than five minytes 


would not be proper when there is a vessel in the lock. tet eee = 
Cu. ARLES Macpon ALD. — -There are a about 5 550 feet of elevation more in a 


the case of Tehuantepec then at } as I i 
As Asupen WELCH. —That is if the Nicaragua Lake should be be raised 
. = feet. It would be a great mistake to raise it t only t three ee feet, and 


then tiles to six sink feet down to 


the: Tehuantepec | Canal, as is 200 or 656 feet, 


Asupe W BLOCH, .—Double lockage gives 1 300 feet, would cost 


$130 000 000 including the annual charge capitalized, pr provi ided the locks 
were such as I have spoken of. 


ARLES Macponatp. thought that was only for the elevation— 


up and down. Does that include the whole canal ? 


ASHBEL WEtcH.— For the locka e only. . Locks are, of course, 
ge 


gh 


serious objections, if you om do without them They are not 
ux fatal to this canal. . You e ou can calculate that it is a disadvantage o -. 
) OO toa! a foot lift. for 1 300 feet lift, ‘up and down, you can 


= 


* 
red of the Chagres River, with its deluges. 


O. re.—I would like to ask a a question. ‘understood 3 you to 


say that all vessels would be detained fifteen hours. each in passing the 


Panams ( Canal, because ‘they could not pass each ‘other except at the 


cost $1: 30 000. 000. would sooner do that t that than make make a canal below 


Now, from the report of the Technical Commission, I 


ee that the plan yon ides for a canal between Colofi and kilo 


— 

not mean locks of — 

« 

— 

4 

a 

g 

4 

— 

| 

— 

q 

— 

4 metre 
(the Atlantic Division), and between the bist kilometre and Panama 


(the E Pacific Division), with: a surface width of 50. metres—164 feet, 
Ordinary sailing vessels are e only | about 25 or 30 feet wide ; § steamers 400 


Sy fe et ; o such ‘vessels should in these limits.  Betwe een kilometres 


but there is no where else they could not so. 
ASHBEL WELcH. —It is true that ‘small vessels. ‘pass on the 


the | canal ; ‘but M. de Lesseps himself supposed that 


metres—about 92 feet. Here, p not p othe 


the vessels passing ‘through the canal would be 520 feet long, and, I a 


— think, 48 feet beam. ? But i in the wider portion of the canal, the bottom | 


bottom: isn not. 


Sorat ASHBEL Wer ELCH.—The Ww idth « of water at surface is not the ‘point. 


The w width at the “bilge is. is. I do not think they could pass two 


= O. CHanvre. .—They would not pass in a curve ; ; but would they ‘not 


on a straight lin line? ? 


80 feet high would that, ‘lake in 1 question, 20 


_ASHBEL WwW would overflow the ite 


mile. wo would say ‘ay thet was ane “Phat a 


to the amount 0 of f damage t to private 


“property, I do not know. If more than one hundred 


million dollars by the expenditure of twenty or ‘thirty, it is a good 
bargain. T is not ot much private be destroy ed. 


pwnage are ‘raised there an and. d exported to this country. a came home 
ina steamer a short time since and they had on board car loads 4 
of bananas, raised along g the line. of the road. But if the canal were 


the ‘railroad would be of no use, aud w oul d have to be abandoned, 


— 
— 
4 

4 
— 
— 
— 
| 
— 
ild not. They would seratch off 

lz 

— 

4 7 
4 
a 
— 
— 
— 


 AsHBEL W m money damage the worth of 


e land, and there i is no estimating the the money value of that of that, or what the 7 ; 


Campsene. —It would not go up to twenty ‘million dollars, 


Weicu.—If you save one hundred million by investing 


ou would save the whole — not doin ng any- 


short a long one, , and that a canal at sea level is 


er than one with many locks, ii 


So far I believe M. de Lesseps is r right, and if he can raise the three _ 

: hundred millions of dollars necessary to build his Panama canal, I hope, 
“for one, that he At the s ome time I maintain that, looking 


‘sorry | to 


put any ‘money in any canal which would cost ¢ over sixty millions 


My reasons are these : one of most i important 
rate of tolls should be charged. 


The rate proposed for | the Panama canal, $3 00 per weg measured 


“upon asolid of the length, breadth, and depth of the vessel, ‘is is entirely — 


too high, | Iti is prohibitory for all sailing vessels, except those from New 


York, as ‘the followi: ing figures will show. 
Take the case of a guano vessel of 1 500 tons, from 1 Callao: to Li 


Her expenses, including and interest on capitals. I am 
informed, are about 80 dollars day. ‘The distance = sav ved by a Panama 


Horn — —90 ds by one, 


a 000 tons of veesels aged i 


— 
— 
— 
— 
to 
| 
| 
— —equal to 30 exclude the 
$1.60 per ton. n the guano and nitrate 


expen: 


The estimates of probable 
is s Congress, are much too large. 


ox He estimates 2 million tons from European port to t he East, ie, 


I believe, would not pass through t the canal at “wit ma, be ecause the = 
tances via Suez are so much less. 


=a Liver pool to ‘Melbourne 


4 to Hong Kong... 
Hess by Suez than by Panama 


T 


he effect of the trade winds would not overcome these differences for oe 


canal at Panama, ‘Nicaragua, or w ould depend upon 


200000 


And vessels from New ‘York to of Americ 2 


ine expenses of repairs sand maintenance of the canal, 


are hard to arrive at. _ Anapproximation, however, a 
ean be made f from the re reports. of the Erie ‘Canal, in 


—ow before 1862, the total receipts f from tolls were 


—or 25 per cent. 


bye = we add to mas 10 per cent. for tow tients and 5 per cent. for harbors: 


“Te estimate the te probable n net rey enue e of an an inter-ooeanie canal, bse 
as follows : 


"4 
— 
— } er $3 00 per ton. Steamers also, on account of their much _ Bs 
7 | 
| 
— 
a the United States, which for 1879 I find amountsto.... 568 738 tons. 
i for vessels engaged in the guano and nitrate trades, 
— 
— 
$97 625000 
— 
4 
— 
— 


ie 


= 


= 


1 350 


780 0.000 New ork. 2 340 600 


—— 
3 000 000 tons av erage, ae 
“Deduet maintenance, repairs, etc., 


Net revenue. 


—or no more than enough to ‘return 


4 60 millions of dollars, 


_ Enough has been brought out i in p previous discuss sions before the So- 


- also guarantee its free use at all times, | it would be ying of the oes 


of the the century, and its cost would be but a fraction of the 
expenditure oft those nations for war purposes, but when he 


us to believe thet a a sea- -level canal at Panama will pay six or even five Tl 


3 000 San Francisco, Oregon, wheat, &c...— $1 140 000 
1200 000 Peru and Chili, guano and nitrate....... 100 3000000 
4 cent. on an expenditure of 
j 
. 
If M. de Lesseps could induce the governments of Germany, Francé, 
| a _ England, and the United States, to furnish the necessary capital, build a — 

a 
— 4 

— 
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‘PROGRESS OF WORK AT THE EAST RIVER BRIDGE. 


F. woop, ‘Member of the Society. 


AT THE ELEVENTH ANNUAL ConvENTION, 1879. 


The work on the for the eppronches to the East River Bridge 


a was begun about January Ist, 1877 = The The Brooklyn ‘Spproach has a 
length of 900 feet on the centre line, and ‘starts from the street grade 
Sands street, rising feet per 100 to the rear of the Brooklyn anchor- 


age, where it has a height of about 60. feet 2 above ground. It is crossed, 


several streets at’ angles, and hes. one curve at about 200 feet 


h throughout is to be 100 feet. ecantell = 
‘The | New ‘York approach is 1546 fet long, rising from at 


— 


: 

| 

— 

. 
— — 

— a 

— 

— 

— 

— 

— 
— 


im 


anchorage, where it is 68 feet obnes 


about 500 feet from the entrance, and 85 feet for the remaining dis distance. 


th Brooklyn all the w ill be by or plate girders In 


‘New York, Pearl and Cherry : streets, together giving an opening 210 feet a 7 
on one side and 170 feet on the other, will be be crossed by trussed girders; " ; 


Cliff and Vandewater streets by. semi- -cireular arches 51 feet 8 inches 
a span; Rose street by a three-centred stone arch, 57 feet span; and — 


Willia and North William streets. by box girders. 
~The architectural problem presented was one of considerable difi- e: 


culty, ow ing to the requirements in the case. These were that the sp spaces 
th should be made available for storage or mercantile uses, thus oe 
enforcing the necessity rot keeping the arches wide enough for this pure 


pose; and requiring, in ‘addition to this, that the | structure should be 


imposing and harmonious i in effec 


The design as adopted wa was one, being based one 


The fronts are ‘entirely of main features are, mass 
abutments at each side of each street projecting at the base about 7 7 feet 7 
_ from the spandrel line. = ‘These have an ornamental plinth. The shaft is 


- finished i in smooth pointed work with chamfer ed edges; and the whole is 


piers t the spaces are divided, | so as to g 


span. small betw een have slightly battered sides, and ter- 
‘minate in ornamental caps or imposts, from which the arches spring. 


are 8 feet } high and weigh tons. are arches s are 


thesame : style as the shafts of abutments. . The spandrel i is of 


granite, in in regular courses, | but rock faced. iantaineas 


c cornice over the arches has a dentil course below, surmounted 


This was afterwards and stone arches substituted. street isa 


stone arch of 38 feet span and 6 feet 5 inches rise ; and that at North Wile street a ‘stone | 


? of 40 feet span and 5 feet rise. 


lt 
| 
4 ‘ground. It will be 100 fect wide for 
q 
— 
| 
7 
q 
| — 
2a 
4 
narrowest at the spring, thus giving a pointed extrados. This style was 
a adopted by the architects in order to fill up the spandrel space, and not . Sa 
38 — 
q 


by a heavy projecting coping course, all in six cut work. 
the caps, anc 


high. 
a The regular thickness of the ‘exterior walls i is 3 feet 9i i 
divi ision walls and interior of the abutments is of brick. The founda 


carried down where the "bottom is sound to 3 feet 9 inches 
above tide, | but where sound bottom is not reached at this depth, they 


_ go down until it is reached. In one place this was 9 feet below tide. 7 : 
Tt may be well to record here the finding of trunks of oak trees in the 


— at this w hich 1 had no doubt been baried se everal ¢ enturies.. 


rhe Spot ha had been bail upon f for probably 200 years, 
ar, The foundations os far as finished were e well spread, a and, - tis as 
practicab le, i in such manner as to give a uniform p pressure ‘throughout, : 
exceeding 5 tons per ‘square when fully y loaded. They were 


built, of concrete, rough stone, e, and brick work, were faced witl 
brick always Ww when coming next toa ‘cellar 5] space. Ww hen such. facings 


rekon used tie walls were alws always carried across, so as to bind the mass 


AML All the brick k and | ‘stone w rork is set in | cement mortar, and the lim: 
ing strain on brick i in compression ss fixed at 200 pounds per ogee inch. a 
na ‘The floors are in this supposed to be loaded, including their own weight, ite 


with 450 poaamee pers square foot, and _ roadway above with 100 po 


prese present condition of the work is fellows: In New York the 
stone work of the block next to the anchorage is completed, and in the - 


Aye next two block ks the stone and brick onk are e completed to the springing 


of the arches very ne early. ~ This leaves three full blocks and part of 
aes yet u untouched, - will ll require nearly © or quite two full nama 


of completion is 


> 

— 

q 

— 

— q 

— 

a 
— 
— 

— 

— 

4 These are the tre aeraal sections are considerably beyond 
q 

— oa a _ progress, but, owing to the shorter distance, it can be finished in about i J 
— Owing to the lack of funds the trustees have decided to donothing — 
an = ie. more on the approaches at present, so that the time E 


he writer is the New — 
g charge of Mr. G. We 
MeNulty), but has deemed it to both as 


= fore closing, it 


‘methods pursued in setting the stone werk: the: first thing done in 


every case, as soon as the ground was cleared of buildings, was is to carry 


_ forward two lines of railroad track running themagh the work and at a 
convenient distance either side of the centre line. . Next two lines « of 


derricks were put up, and strongly guyed in such positions a as to reach 
all parts of the pits for excav ation, and high enc eno mgh to set all “stone 
+ and including the lowest arch stones. . Then, since the walls on the New 


7 York side were to reach 68 feet above ground, and the cap aha about 


feet, was deemed desirable not to attempt the use e of “derricks: 


‘further, but tov use a traveling ‘rane. Th The novelty of this consisted in 7 
‘the method adopted for turning the corners, as it had to set stone ah 


r The span of the trestle was 16 feet. At the inner angles ¢ omen posts rN 


were placed, carrying at their ‘upper ends cast-iron turn- tables, the 
castings being in in the form of a = with the _ Cross about 6 feet long, and 


— forming a a portion of the tenth and the vertical portion cast hollow and ; 


slightly conical, so as to turn freely on the po post. aT" Leta 
Se The outer track was earried around with a curve of 160 feet radius. is. 


: 4 When the enme | had traveled forward so that the inner pair of wheels © 


out of gear, and the outer wheels then traveled around the curve while 


eS the i inner end of the ‘machine pivoted on the tr turn-table. . As th the e outer 
wheels. ‘reached the tangent the i inner ones were sutomatically 


were balanced on the turn-table, a a tripping piece threw 


_ ‘The wheel base of the lower carriage was 8 feet 8 inches, and a 
only caution n required was to see that the “machine k kept square with the — 
track, Owing to the sharpness of the curve, there was: 
noise ‘made in passing around it, but. fhe its) 


— . 
— 
q 
i 
— 
| 

1% 
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CABLE MakING aT THE East River Brice. 
a By request of Col. Paine, whose time has been completely taken 1 up 
by other ‘matters since the cables were completed, I present also the 


record of work accomplished i in his depar tment: 


al _ The last public record was made in the reports for the year 1876, ea 
as s these were | sent to o all the 1 members of t the Society, it is » Gommes suffi- 


™ Doing the Ww inter sot 1876-7 


Among these, one o 


ment of the four wires as in adjusting the ‘eable wires. It 
was 5 at first thought to be sufficient to fix them dies the | deflection of ‘the 


centre span alone; but it was found that the land sp spans | hung at deflec- 


au ¥ 


b, tions totally different from each other, and, after considerable trouble, it 


A. 
was found to be due to slight ia diameter « and weight of the 


ured and weighed, and enough | selected. of ‘uniform size and weight to “a 4 


make up the lengths required. 


After this the to b be hoe periods 


: ed line tangent to the lowest point of ‘the curve. on Allowances were made for for 


Another point which was worked up during this winter was the: 
of j joining the coils of of wire together. . The coupling finally 
adopted gave from 95 t to 98 pe 3 per cent. the fall 


The v ire eat first pei hall a diameter ‘before of about 


at 1 
— 
— 
| 
Le 
— 
to refer to them for the history of the preparations for cable 
— 
— 
— the foot-bridge was completed, the con- 
= all necessary preliminaries settled. 
— 
— ra 
— 
= ES. 
— 
— 
— 
— 
— ee ite made. The whole time thus occupied was about six weeks, et 
Sy a a _ On the land spans the line of reference was a tangent to the curve ’ 
— 
— 
3 a 
4 
— 
was made from Besseme 
inches long. This was dr 


‘reamed out for sient one- fourth of the length i in at each send, #0 as to 


5 taper from the full size of the wire at the ends to about the « “diameter | of i 


the bottom of the screw thread at the i inner eud of the taper. ‘ Then o one 
a end was tapped w: with a ight von and one with a left reco 


meen on e to the coupling were made for cutting ” thr 


At first con: siderable irregularity in in the strength of the joints 
5 ob erved, and it was found to be due to the ajes changing shape i in har¢ 
ening to an amount reaching sometimes of an inch. This was 


13 


overcome by making an adjustable die , 80 as to secure uniformity i in in size. 


The first cable wire was carried across the river May 29th, 1877 7, and 


Ad 


Vd 


s time cable making was continuous. At first an unforeseen _ 


A difficulty 1 was éncountered from the unscrewing of the. couplings while 

- the wire was in | transit . After co considerable experimenting a a plan was 


adopted which ov overeame the trouble This was the 


rice of clipping the ends of the w wires es diagonally, y, so that when 


he w wie from tan ning separately in the coupling ais 


‘Simultaneously with this come the training of the men who adjusted 


wires, The adjustment had, of course, to be progressive e—first 


land ad span, then the centre span, and finally the ‘Opposite land d span. ro = 


The dif differences i in ‘in weight o of s similar: r lengths o of wire showed itself here 


often by making one quarter high and another low. adjusters: 


were in such cases instructed to make the differences equal, so as to 0 bale 
ance each other, thus aamnsing uniform lengths and a perfect : adjustment. ate 
- Marks were made ¢ on the wire with paint as soon as an adjustment was 


at: any point, so that slipping could be at once detected. 


The first strand was completed a and lowered into position and 


to the cable bars on July 14th, 1877. As it would be be impossible to 


- lengthen a strand, all strands were e made by ; preference a ‘a trifle too lene 


and adjusted to length after lowering. * To allow of this the shoes over 
= which the wires pass at at ae: end have a slot throngh them instead of a 


1 cable was adjusted in n the same 
‘manner as the 1e guide w wires had previously been; and the succeeding ones me 
re adjusted from these by caleulating differences in elevation due 


— 
a 
= 
— 
— 
— 


‘different positions in the saddles, different p points of ‘attachment at the 


eable bars, cradling of the cables, &e., and it will be. seen that the 
of f adjustment was an exceedingly delicate te one. 


It was usua usually done very e early i in the morning to avoid differences in a. - 


When the strands were finally together for wrapping, each 


one come to its ‘place admirably, to satisfaction of all 


a Thee exper rie ence on the first strands showed that i was no difficulty + 


in getting the requisite quality of wire; and it w Lad then decided tet as 
wire could be had which would comply with the; specifications, 


speed of averaged feet second, and as the 


one, or 22 feet w both were 
In order to keep the strands distinct, and also an prev ent t chafing, ‘eey 
3 were, after completion and before low ing seized throughout their 


Kength, , at points 2 2 feet 4 inches a apart, by 5 turns of No. 14 
annealed wire. These seizings were removed always in ot core” 


being the ones which were to occupy ‘the centre of the finished cable) — 
were brought together compactly, to form t the cable core. This wa was done 
by t the aid of screw clamps; the outer “strands being pounded with: 


wooden mallets so as to distribute the w Ww ‘ires ‘uniformly around the central 
a one of all. A fresh seizing was put on the ¢ core at chest: distances as the 


Every thing went on well until 14th, 1878, when the fifteenth 


of the up town cable was in process of low ering. the unfor- 


~~ tanate fouling of a wire rope, causing its rupture, the strand saint 


‘men, a and ¢ a total loss of the strand. 


— 
— 
7 
— 
8 to No. 7 wire, which is about 0.187} inches diameter. 
oS a a _ This gave, instead of 14 feet to the pound, about 11 feet to the oa 
— 
— 
— 
— 
— 
— 
a 
— 
a ae _ operation was to draw all the strands in each cable together ateachend = 
— 


o a true cylindrical This was done, on at 


21} feet from. the a anchor bars. Tt must be borne in mind that at the a 
oint of joining with the yanchor ba strands spread to a rectangle _ 
nearly 5 feet square; hence the necessity 


The Ww ire used 


with oil. 
of w wae were joined together | by a a ist slice 


in 
which readily through “the machine. Ev joint was 


e core” 
‘ 


~ flatting out the exter strands, Xc., preceded the final wrapping 
also _the ends of the seizings being out with pincers a and 


Clamps we were screwed on in advance to bring the ¢ cable > wires s into close 
contact, and the wrapping wire wes put on under considerable tension. 
: It is calculated that the fr ietion betw een the - ires is so <a that if cut it 
would be impossible to pull out 10 feet of any able: wire, as the 
in that length would more than in equal its tensile strength. miele 
rom 16 to 20 feet of cable 


gang, 36 feet being an limit. 
work was completed finally on February 


bb months less time than was s thought possible Ww hen it bega: 


During the summer of 1878 the suspender ropes were val cut 


; z length, and soc kets attac hed. As the ropes 2 are all of twisted w ires it was 


(to secure accurate angie) that they should be mensured under 
-_ Accordingly oa socket would be attached, the | rope uncoiled 


Vv an in 


a 


it always: | separated the wires, and consed much trouble in 


ug them into ) the socket. To obviate this Mr. ant in 


4 charge, designed a circular cutting shears, which, instead of separ: = 4 4 a 


ff. “The old method of cut ting 1 was ie a chisel and sledge, od Ww: 


aS compressed the wires together, and resulted in a saving of an hour on > 


a 
Ag 

for this purpose was charcoal iron wire No. 10, drawn a little hard and 

orin about jg 
= 

— 


aid that the clamp mentioned, and also + 


the machine for Pt the ends of the wire diagon onally, were designed 7 BS. 


‘The method of fastening pursued in every case was to let the wires 


project a little bey ond | the cone of the soc ke t, then to > untw ist and sepa- 


-_ them as as W widely a as possible; n next, to drive in all the large i iron ¥ pins 


upon the heads of the p pins, wal finally all aieal fall of + lead to kee 


under this bending test, which was more severe than the 
required (being almost a right angle, and accompanied 


a blow) 7 The 1 number br oken reached from one-eighth to one-fourth of x 


can ‘The friction of the pina is entirely suffic 


break the roy rope. 


The cables to the foot: bridge were made of a much harder wire, =a a 
rea m bre ke in putting on the socket, but no sign of yield 
ing! has ever ecsnssed, although they a are subjected to about three times. 
‘the strain, in proportion ‘to their « strength, that will ever come upon ~ 


its all working g strength and ‘not a socket in the least. 1 ‘These 


have thus given 4 a brief summary rot the Tending “facts 

this portion of the work; but seem desirable that a statement 

“a should be made of of some of the results of our experience in the use and = | 


¥ 
Bt a * Tests since made on full length ropes have proved this to be true, and also that the wire, 

d both i in ductility and tenacity, was above the requirements of the apecticetions, 


4 

q 3 

} could be inserted; then to follow these by shorter and smaller pins until ‘i 

— 

3 

‘¢ 

— 

— 

Keg 

tbles have all been 

— 

— 
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on wire n in the ordinary Ww ay, on th 


set induced by 
9 

3d. ‘There is no difficulty in getting | steel wire e that shall lay out 


straight when loosened from the coil. sit simply requires that it be led oe 


straight a sufficient, distance from ‘the galvanizing trough to ve cooled — 
before coiling, and that the coils be not made ‘too small. cians coils w were 


4th. Galvanizing was found to increase he nw " freshly drawn 


wire about 15 per ‘cent. It was a common thing for unga alvanized wire 


- which fell below the required strength to come up to it after a week or = 
_ two, the gain being nearly 5 per cent. F Even galvanized wire would gain 
‘ins strength slightly by rest. The explanation of this is the a accom- 


-modation of strains induced by the drawing. — In the case of f galvanized a 
wire, however, theme may a remnant of occluded hy« drogen, due to the 
galvanizing | process which is known to. have a temporary weakening 


‘Steel wire can vad in of a tensile strength of 


ne 100 feet lengths ; and of 4 per cent. in ‘breaking in 1 - foot ot lengths ; 2 


capable of being coiled continuously “around -inch ber. 


- 6th. The steel 1 required to give this strength in wire of sizes No. 7 eek 


o. 8 B. W. e,: » when in sizes such as are we required for for ordinary bridge 


members, has a a strength of 70 000 0 pounds to 75 75,000 Pounds pe 


gth of bar, , OF 15 per cent. on samples 1 1 foot long. ; 


ct, mode by allowing w weights to fall lengthwise, 


P 


Al 100 pound weight falling freely 3 feet broke a wire 1 foot long. 


ell 34 feet to break a wire 100 feet long. 
< done in the first case by 


pounds; and in the second case 3 400 feet pounds. 
8th. A logical dedne tion from these is longer 


the sisi in a bridg ge the safer it becomes to use high grade mater ial; 


and, w asad it is absolt ely safe to use wire such as was used i in the cables 


ate 


,/ 
i 
| 
: 
| 4 wire having a ten 
‘ta 
— 
— 


im 

ii 


‘ shapes could be produced in this coun 


and the Trustees decided to ask bids a 


be totall 


steel for the bridge trusses th 


e 


foe 


ne 


— 
— a _ of the East River Bridge in members of that length, it would Mii, 5 
— he * unsafe to use anything approaching such material in the trusses of the = 
— = In making specifications recently Ti 4 
requirements as to quality were those mentioned in the sixth head above. 
co 3 : > 4 Previous to this bids had been asked on the basis of wrought iron P| 
‘a the reason that only a year ago it was questionable whether proper 
. tryin steel. This difficulty having 
@ 4 a ses overcome, and the continued tests of steel by Col. Paine having = 
eg ; a more fully demonstrated the desirability of using steel, Col. Roebling = 
for an all steel bridge. Te 
oe _ a _ field is a new one, and the engineering department has endeavored to 
oe sss ake use of the latest knowledge on the subject, and at the same time to a a 
safe, 
| 
— 


